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Due to their large size, the variation of the general 
circulations of both the Pacific and Indian Oceans have 
rarely been described in their totality using hydrographic 
data. However, the development of tlie expendable 
batli~~theriiio~rapl~ (XBT) progranune, particularly since 
the mid 1980s as a result of the Tropical Ocean Global 
Atmosphere (TOGA) Programme and tlie World Ocean 
Circulation Experiment (WOCE), has provided the 
basinwide observations of the thermal structure required to 
describe the major current systems. This paper summarises 
some recent work (Donguy and Meyers, 1995 and 1996; 
Meyers er al., 1995; Meyers, 1996) which uses this widely 
dispersed sampling to document the variability of the 
major, tropical currents throughout the Indian and Pacific 
Ocean basins. The studies are based on frequently repeated 
XBT lines which were, if fully implemented, monitored at 
least 18 times per year with an XBT drop every 60 nmiles. 
Figure 1. Location ofXBT lines. 
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The method 
XBT data and the climatological teniperature/salinity 
relationship were used to calculate the niean annual and 
seasonal cycles of dynanic height and geostrophic transport 
of major currents relative to 400 db along 9 shipping tracks 
(Fig. 1) covering a large part of the tropical Indian and 
Pacific Oceans. The data were selected in bands centred on 
the most frequently repeated XBT tracklines for the period 
1967 to 1988forthePacificOcean, andfortheperiod 1983 
to 1994 for the Indian Ocean. The data were in general 
processed by the procedures described by Bailey er al., 
1995. Longtennbinionthly mean temperature was calculated 
in 1" latitude bins along the tracks, except near coastal 
boundaries where bins were adjusted to liave onein shallow 
water ( 4 0 0  m) when possible. The transport function 
(vertically integrated dynamic height) was then calculated 
using the mean temperaturehalinity relationship. The 
stochastic errors in bimonthly mean transports were 1 to 2 
Sverdmps on the most sampled tracks. 
Tropical Pacific Ocean 
The mean annual cycle of transport of the North 
Equatorial Current (NEC), the Nortli Equatorial Counter- 
current (NECC) and the South Equatorial Current (SEC) 
(south of 2.5"s) were determined between the ridges and 
troughs of tlie transport function (Donguy and Meyers, 
1996). Mean transports of tlie NEC and NECC increase 
regularly with longitude from east to west, as discussed in 
detail in the paper. The NECC has a large annual cycle with 
a transport-maximum during northern fall and winter. 
Seasonalvariations oftheNECaresmal1. Seasonalvariations 
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of the SEC are s1ig1it7y smaller t~ian variations of the 
NECC, and they have considerably different phase from 
track to track (Fig. 2a, page 21). The SEC is described in 
niore detail here because it was covered by seyeral lines in 
both oceans. 
Tropical Indian Ocean 
In the northern hemisphere, low dynamic heights 
prevail during the NE monsoon and high dynamic heights 
during the SW monsoon inducing an alternating Somali 
Current (Donguy and Meyers, 1995). In the southern 
hemisphere, at 7"-S"S a trough of low dynamic height 
occurs during the whole year. Empirical orthogonal function 
(EOF) analysis was used to document the variation of these 
features. The geostrophic transports calculated on the XBT 
routes show spatially coherent patterns with strong seasonal 
variations? particularly in the Arabian Sea and along the 
equator.Tliernean transportoftlieSouthEquatoria1 Current 
(Fig. 2b) increases regularly with longitude from east to  
\L'est in all months. It has small annual variaiions and the 
phase of the annual maximum progresses consistently 
westward, something wliich is not evident in the SEC in the 
Pacific (Fig. 2a). As expected, the SEC in the Indian Ocean 
is much weaker compared to the SEC in  the Pacific Ocean. 
Variability of the Indonesian throughflow 
The XBT line Freniantle-Sunda Strait transects the 
eastern Indian Ocean between northwestern Australia and 
Java. It was established in 1983 ivith lowdensity sampling 
and upgraded to a frequently repeated line (>1S times per 
year) in 1987 to monitor currents. Variation of the themial 
structure during 1983 to 1994 sliou~s a rich misture of 
annual, semiannual, and interannual timescales (Meyers et 
al.. 1995; and Meyers: 1996). EOFanalysis of anomalies of 
sea surface temperature (SST), dynamic height, and depth 
of the 2°C isotherm D20 identifies two distinctive signals 
(see Fig. 3). The Variation of Indonesian throughflow and 
the El Niño Southern Oscillation (ENSO) signal (EOF 1) 
appears throughout the region and is strongest off the coast 
of Australia. A modulation of the annual signal (EOF 2) 
appears off the coast of Java. EOF 2 has a shorter timescale 
than the ENSO signal, and its temporal coefficients are 
correlated to zonal winds over the equatorial Indian Ocean. 
For both EOFs, anomalously low SST and dynamic height 
occur at the sanie time as anomalously shallow D20 and 
vice I'ei-sa for opposite anomalies. TheXBTdata, used with 
a climatological temperature-salinity relationship, gives 
the net, relative (0/400 dbar) geostrophic transports T 
through the section. For longtiniescales:Tisrepresentati\.e 
of Indonesian throughflow. The variations associated with 
ENSO show a maximum during the La Niña of 1988-1989 
and minima during the El Nifios of 1956-1987 and 1991- 
1994. Thepeak-to-trough amplitude of the ENSO signal is 
5 Sv. For the shorter timescales, T is representative of 
currents from the Indian Ocean flowing in and out of the 
region between northwestern Australia and Indonesia: 
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changing ihe volume of upper lager water stored there. 
Associated \+iith EOF 2. a sharp peak in westward transport 
developed during hqay to October 1993. When the XBT 
data is combined with available hydrographic data to 
inyestigate the deeper currents and the total throughflow, 
the niainium net: relative transport toward the west benveen 
Australia and Indonesia is 12 Sv in AugustISeptember 
@?eyers et al., 1995). 
Conclusions 
XBTs have provided a cost-effectiveway ofproviding 
widescale sampling of the upper ocean thermal structure 
for geostrophic transport as well as heat storage studies. 
The challenge for the future is to combine such subsurface 
information with widescale surface topography data 
provided by the latest satellite missions such as TOPEW 
POSEIDON and ERS-182. 
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Figure 3. Geostrophic transport (0/400dbar) in Sverdrups 
(lo6 11i3/s): (a )  South Equatorial Current SEC and South 
Java Current SJCaizd (b) Leeuiviit Current LCaizd Eastern 
G y a l  Current EGC. Positive values iiidicate wesnvard 
flow for  ;lie SEC, easnvard for  the SJC aiid EGC, aiid 
southward f o r  the LC. ( c )  Net geostrophic transport 
(0/400 dbar) thi*ougli IX1 fi-om Shark Bay to Suitda Strait 
(solid line) aiid iiieaii aiiltual cycle f o r  the period 1983- 
1994 (dashed). (d )  Saine as (e), but widz the ENSO sigiial 
in througliflow estiiiinted by regression analysis with joint 
EOFl (dashed), ( e )  Saine as (e), but with the flow through 
liite I X 1  estimated by regression analysis with joint EOF2 
(dashed). 
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Sprintall and Roemmich, page 3 Figure 2. Temperature (a) and it's derivative with depth (b) along Auckland-Seattle in 
Marclz 1995. Tlie solid line indicates the depth of the su f a c e  layer. Tlie crosses indicate tlze depth of SST-1 "C. 
Meyers et al., page 7 Figure 2. Aiiizilal cycle of the geostrophic transport of the South Equatorial Current in Pacific OCeAIl 
(left), andIndiarz Ocean (right), calculatedfiom biiizorzthly iizealz teilzperatures Llsirzg a iizeaiz tenzperature salilzity relationship. 
The transports in Sverdrups are indicated by distance f iom the origin. Tlie shipping track is indicated iri the legend, 
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WOCE is a component of the World Climate Research Programme (WCRP), which was 
established by WMO and ICSU, and is carried out in association with IOC and SCOR. The 
scientific planning and development of WOCE is under the guidance of the Scientific Steering 
Group for WOCE, assisted by the WOCE International Project Office. ' 
The WOCE Newsletter is edited at'the WOCE IPO at the Southampton Oceanography 
Centre, Empress Dock, Southampton SO14 3ZH (Tel: 44-1703-596789, Fax: 44- 1703-596204, 
e-mail: woceipo@soc.soton.ac.uk). 
We hope that colleagues will see this Newsletter as a means of reporting work in progress 
related to the Goals of WOCE as described in the Scientific Plan. The SSG will use it also to 
report progress of working groups, experiment design and models. 
The editor will be pleased to send copies of the Newsletter to institutes and research 
scientists with an interest in WOCE or related research. 
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